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RETROVIRAL VECTORS CONTAINING INTERNAL 
RIBOSOME ENTRY SITES 

This invention relates to the production of a retroviral 
vector which is capable of expressing multiple protein 
translation events from a single poiycistronic mRNA; without the 
use of internal promoter elements. 

Retroviral vectors are useful as agents to mediate 
retroviral -mediated gene transfer into eukaryotic cells. Such 
vectors are generally constructed such that the majority of 
sequences coding for the structural genes of the virus are 
deleted and replaced by the gene(s) of interest. 

These new genes have been incorporated into the proviral 
backbone in several general ways. The most straightforward 
constructions are ones in which the structural genes of the 
retrovirus are replaced by a single gene which then Is 
transcribed under the control of the viral regulatory sequences 
within the long terminal repeat (LTR) . Retroviral vectors have 
also been constructed which can introduce more than one gene into 
target cells. Usually, in such vectors one gene is under the 
regulatory control of the viral LTR, while the second gene is 
expressed either off a spliced message (1, 2) or is under the 
regulation of its own, internal promoter. 

Efforts have been directed at minimizing the viral component 
of the viral backbone, largely in an effort to reduce the chance 
for recombination between the vector and the packaging-defective 
helper virus within packaging cells. A packaging-defective 
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helper virus is necessary to provide the structural genes of a 
retrovirus, which have been deleted from the vector itself . 

Gene therapy or drug delivery via gene transfer entails the 
creation of specialized vectors each vector being applicable only 
to a particular disease, Thus, it is desirable that a vector 
cloning system be available which consistently maintains the 
necessary safety features yet permits maximal flexibility in 
vector design. Subtle changes in gene position, or in the 
specific combination of regulatory sequence (s) with the gene of 
interest, can lead to profound differences in vector titer or in 
the way that transf erred genes function in target cells. 

Current vector designs require the use of internal promoter 
elements in a retroviral vector in order to initiate an internal 
mRNA. Therefore, when multiple genes were desired in a 
retroviral vector, it would be necessary to have multiple 
promoter elements within the one retroviral vector. One 
potential problem with retroviral vectors containing multiple 
transcription units is that, it has been observed that if 
selection is applied for one gene, expression of the other gene 
can be reduced or lost completely. This has been termed promoter 
suppression (3/4). 

SUMMARY OF THE INVENTION 
The present invention relates to a retroviral vector which 
encompasses a first DNA sequence which encodes for the expression 
of a first protein and a second DNA sequence which encodes for 
the expression of a second protein. The vector includes a first 
promoter sequence for expressing mRNA from from both the first 
and second DNA sequence and an internal ribosome entry site 
between the first and second DNA sequence. The promoter 
sequence, the first DNA sequence, the internal ribosome entry 
site and the second DNA sequence are operably linked in the 
retroviral vector to produce a polycistronic mRNA and expression 
of first and second independent proteins from the mRNA expressed 
by the promoter sequence. 
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An embodiment of the present invention provides for the 
retroviral vector described above wherein the internal ribosome 
entry site is from a picornavirus. 

Gene expression in the picornaviridae famly of viruses is 
unusual in that their 5' mRNA terminus is pUp.. .and they possess 
long untranslated leader sequences (5-6). Analysis of 
picornaviruses indicate that they are able to bypass the standard 
ribosome scanning model of translation and begin translation at 
internal sites (8*11). Internal ribosome entry sites (IRES) have 
been identified in the long 5 f untranslated regions of 
picornaviruses which can be removed from their viral setting and 
linked to unrelated genes to produce polycistronic mRNAs 
(8,10,12). 

Embodiments of the present invention relate to operably 
linking picornavirus IRES elements to various genes and the 
insertion of these IRES-gene fusions into retroviral vectors 
Which are translated to yield functional gene products, These 
picornavirus IRES vectors permit several proteins to be produced 
from a single vector without alternate splicing or multiple 
transcription units thus eliminating the potential of promoter 
suppression. Additionally, the coupling or translation of two 
(or more) different proteins may have significant applications in 
human gene therapy where the expression in a given cell of 
multiple heterologous proteins or distinct subunits of a 
multimeric protein is necessary. 

BRIEF DESCRIPTION OF THE DRAWING 

Figure 1. EMC CAT Vector. Shown on the top of the figure 

is a diagram of the EMC/CAT vector GlN2ECt and the control CAT 

vector L H CtSN. Below is shown the autoradiograms from CAT enzyme 

analysis (1 hr. incubation). Lane 1, producer cells transfected 

with pTMl-CAT; lane 2, GlN2ECt transfected producer cells; lane 
H 

3, L CtSN transfected producer cells; lane 4, GlN2ECt tranduced 
NIH/3T3 cells; and lane 5, L H CtSN transduced NIH/3T3 cells. 
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Figure 2. EMC P-GAL Vector. Shown on the top of the figure 
is a diagram of the EMC/0 -gal vector GlN2EBg and the control 
p-gal vector, GlN2SvBg. Below is shown photomicrographs of in 
Situ stained producer cell lines transfected with the indicated 
vectors. 

Eigure 3. ADA EMC Vector. Shown on the top of the figure 
is a diagram of the EMC/ADA vector GINaEA, and the control ADA 
vector, SAX. Panel A* starch gel analysis for ADA enzyme 
activity, equal amounts of total cell lysates were used for each 
sample, the location of the human (Hu) and mouse (Mo) ADA enzymes 
are indicated. Lane 1, SAX producer cells; lane 2, GINaEA 
producer cells; lane 3, NIH/3T3 cells; lane 4, SAX transduced 3T3 
cells; and lane 5, GINaEA transduced 3T3 cells. Panel B, 
Northern blot analysis using 20 \ig of total cell RNA with the 
indicated probes; ADA, lanes 1 and 2; NEO lanes 3 and 4. Samples 
were as follows: lanes 1 and 3, RNA from SAX producer cells; 
lanes 2 and 4, RNA from GINaEA producer cells. The transcripts 
originating from the LTR or SV40 promoters are as indicated. 

Figure 4. SCD4-ADA-NE0 Triple Gene Vector. Shown on the top 
of the figure is a diagram of the LSCEASN (sCD4,ADA, and NEO) 
triple gene vector. Below is shown the results of ADA starch gel 
analysis from 12 G418 R producer cell clones (numbers 1-12, 
H=human control, M=mouse control) and the amounts of sCD4 
produced in the culture medium as measured by ELISA. 

Eigure 5. NEO- ADA-CAT Triple Gene Vector. Shown on the top 
of the figure is a diagram of the LNEASCt (NEO, ADA, and CAT) 
triple gene vector. Panel A, autoradiogram of resultant CAT 
activity from 12 G418 R producer cell clones (number 1-12), and 
the titer measured on NIH/3T3 cells of G418 R cfu/ml obtained from 
the producer cells. Panel B, ADA starch gel analysis from the 12 
producer cell clones (numbers 1-12), C « NIH/3T3 cells, human 
(Hu) and mouse (Mo) ADA bands are indicated. 

Eigure 6. Expression in Triple Gene Transduced Cells. Panel 
A, resultant autoradiogram of CAT enzyme analysis from 12 NIH/3T3 
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cell populations transduced and selected with supernatant from 

the 12 producer cell clones in Figure 5* Panel B, ADA starch gel 

analysis analysis from 9 NIH/3T3 cell populations transduced and 

selected with supernatant from the 9 indicated producer cell 

clones used in Figure 5. Control 3T3 cells were in lane C, the 

position of the human (Hu) and mouse (Mo) ADA bands are 

indicated, all human ADA bands were easily visible in the 

original wet gel. 

Figure 7. Polio IRES Vector- Shown on the top of the 

figure are diagrams of the GAT constructs tested in this 

experiment. Below, autoradiogram of the CAT enzyme analysis (1 

R 

hr. incubation) from G418 producer cell lines transfected with 
lane 1, LNPCt; lane 2, GINECt, lane 3, LCtSN, and lane 4, 
GINaNEC t . 

DETAILED DESCRIPTION OF THE INVENTION 
It is therefore an object of the present invention to 
provide a retroviral vector which is capable of expressing 
multiple genes from a single mRNA using internal ribosome entry 
sites. The vector comprises a first DNA sequence which encodes 
for the expression of a first protein and a second DNA sequence 
which encodes for the expression of a second protein. The vector 
also includes a first promoter sequence for expressing mRNA from 
both the first and second DNA sequences and an internal ribosome 
entry site between the first and second DNA sequences. All of 
these elements (the promoter sequence, the first DNA sequence, 
the internal ribosome entry site and the second DNA sequence) are 
operably linked in the retroviral vector to produce polycistronic 
mRNA and expression of first and second independent proteins from 
the mRNA expressed by the promoter. 

An embodiment of the present invention provides for the 
retroviral vector described above wherein the internal ribosome 
entry site is from a picornavirus. An embodiment of this 
expression vector wherein the picornavirus IRES is from 
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encephalomyocarditis virus, preferably, nucleotide nos. 163 to 
746 of the encephalomyocarditis virus* 

Another embodiment of this invention provides an expression 
vector wherein the picornavirus IRES is from poliovirus, 
preferably, nucleotide nos. 28 to 640 of poliovirus. 

The retroviral vector of the present invention may also 
provide for the first promoter being MR sequences from a 
retroviral genome. 

Additionally, the present invention provides for a 
eukaryotic cell, preferably an animal cell, most preferably a 
human cell(s> which as been genetically engineered using the 
above retroviral vector. Representative examples of such human 
cells include, hepatocytes, endothelial cells, bone marrow cells, 
fibroblasts, etc. 

Another object of the present invntion provides a process 
for producing a retroviral vector capable of producing 
polycistronic mRNA and capable of expressing at least two 
independent proteins. The method involves operably linking a 
first DNA sequence for encoding the expression of a first 
protein, a second DNA sequence for encoding the expression of a 
second protein, a first promoter sequence for expressing mRNA 
from both the first and second DNA sequences and an internal 
ribosome entry site between said and first and second DNA 
sequences . 

An embodiment of this object of the present invention 
provides for producing a retroviral vector as identified above 
wherein the promoter is LTR sequences of a retrovirus genome. 

A further embodiment of the process described above provides 
for the internal ribosome entry site derived from a picornavirus. 
Examples of such picornaviruses include but are not limited to 
encephalomyocarditis, preferably nucleotide nos. 163-746 and 
poliovirus, preferably nucleotide Nos. 28-640, foot and mouth 
disease virus preferably nucleotide numbers 369-804, 
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Additionally the process described ahove provides for an 
animal cell which may be genetically engineered using the 
retroviral vector produced by the above process. 

In a preferred embodiment the retroviral vector will contain 
at least one DNA sequence which encodes for the expression of a 
therapeutic protein. The term therapeutic protein is used in its 
broadest sense and means any protein or material which has a 
beneficial effect on the host. The therapeutic protein may be 
the form of one or more proteins. As representative examples, 
there may be mentioned: soluble CD-4, Factor VIII, Factor IX, 
von Willebrand Factor, TPA; urokinase; hirudin; the interferons; 
tumor necrosis factor, the interleukins, hematopoietic growth 
factors (G-CSF, GM-CSF, IL3, erythropoietin), antibodies/ 
glucocerebrosidase; adenosine diaminose (ADA); chloramphenicol 
acetyl transferase {CAT); 0-galatosidase (P-gal); phenylalanine 
hydroxylase, human growth hormone, insulin, etc. The selection 
of a suitable DNA sequence for a therapeutic protein is deemed to 
be within the scope of those skilled in the art from the 
teachings herein. 

Many retroviral vectors may be constructed to include the 
elements of the retroviral vector as claimed herein. Examples of 
such retroviral vectors are as follows: Moloney leukemia virus, 
spleen necrosis virus and vectors derived from retroviruses such 
as Rous sarcoma virus and Harvey sarcoma virus. Specific vectors 
which may be constructed in accordance with the present invention 
are described in the examples hereinbelow. 

Bender et al., J.Virol . 61; 1639-1649 (1987) have described a 
described a series of vectors, based on the N2 vector (Arraentano, 
et al., J. Virol . , 61:1647-1650) containing a series of deletions 
and substitutions to reduce to an absolute minimum the homology 
between the vector and packaging systems. These changes have 
also reduced the likelihood that viral proteins would be 
expressed. In the first of these vectors, LNL-XHC, there was 
altered, by site-directed mutagenesis, the natural ATG start 
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condon of gag to TAG, thereby eliminating unintended protein 
synthesis from that point. In Moloney murine leukemia virus 
(MoMuLV), 5' to the authentic gag start, an open reading frame 
exists which permits expression of another glycosylated protein 
(pPr80 gag ) . Moloney murine sarcoma virus (MoMuSV) has 
alterations in this 5 r region, including a frameshift and loss of 
glycosylation sites, which obviate potential expression of the 
amino terminus of pPr80 gag . Therefore, the vector LNL6 was made, 
Which incorporated both the altered ATG of LNL-XHC and the 5" 
portion of MoMuSV* The 5 1 structure of the LN vector series thus* 
eliminates the possibility of expression of retroviral reading 
frames, with the subsequent production of viral anti gents in 
genetically transduced target cells. In a final alteration to 
reduce overlap with packaging-defective helper virus, Miller has 
eliminated extra env sequences immediately preceding the 3 1 LTR 
in the LN vector (15). 

Herein applicants have described that picornavirus IRES 
elements can be linked to various genes and that the gene- IRES 
fusions, when inserted into retroviral vectors are translated to 
yield functional gene products. These IRES vectors permit 
several proteins to be produced from a single vector without 
alternate splicing or multiple transcriptions units thus 
eliminating the potential of promoter suppression. Furthermore, 
the coupling of translation of two (or more) different proteins 
may have significant applications in human gene therapy where the 
multimeric protein is necessary. 

Additionally, vectors containing mutiple IRES-gene fusions 
in the same construct using combinations of the EMC and 
poliovirus IRES elements can be constructed. 

In multiple IRES constructs, a single transcription event 
would generate a polycistronic mRNA that could be translated to 
yield multiple proteins without utilizing any internal promoters. 

Although the retroviral vector is preferably used for 
therapeutic purposes in the area of gene transfer or gene therapy 
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in humans, the vector may also be employed for transducing cells 
for in vitro applications; i.e., producing two different proteins 
in eukaryotic cells. 

The coupling of independent protein translations can have 
several advantages in human gene therapy situations where 
multiple proteins are needed. An example, of such a situation 
includes engineering cells to express heterologous proteins which 
are more efficient at a given task (e.g. reducing the 
thrombogencity with combinations of TPA plus UFA) . It may be 
further advantageous to have the production of a potentially 
physiologically dangerous protein be coupled to that of a 
conditional cell lethal protein (e.g., tumor necrosis factor with 
herpes virus thymidine kinase). 

The following examples are intended to further illustrate 
that internal ribosome entry Bites can be used to produce 
expression vectors capable of expressing multiple genes, however, 
the scope of the invention is not intended to be limited thereby. 

MATERIAL AND METHODS 
(A) Molecular Constructs. All molecular construction techniques 
used were under standard conditions as described previously (25). 
GlN2ECt and GlN2EBg vectors, were constructed from the T7 RNA 
polymerase expression plasmids pOS6 and pOS8 respectively (13, 
14); B. Moss, National Institutes of Health, Bethesda, MD). pOS6 
was constructed by ligating the 0,8kb Ncol-Bajn HI fragment of 
pT7EMCAt (13) B. Moss, National Institutes of Health, Bethesda, 
MD) into Nco I-fiam HI sites of the pTMl vector (26) Bernard Moss, 
National Institutes of Health, Bethesda, MD). pOS8 was 
constructed by Eco RI digestion/Klenow fill-in and selfligation, 
followed by digestion with Bam HI and ligation with the 3.0kb Bam 
HI fragment of pllX JJ(,Bernard Moss, National Institutes of 
Health, Bethesda). Cla I plus Bep Mil were used to excise 
T7-EMC/CAT and T7-EMC/B-gal expression cassettes. The resulting 
fragments were made blunt ended by Klenow fill-in, and ligated 
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into the Kind III cut/Klenow fill-in site of pGlN2 to produce 
pGlN2ECt, and pGlN2EBg. To construct an EMC/ADA vector, the EMC 
IRES was isolated from pTMl using polymerase chain reaction (PCR; 
30 cycles: 92°C, 2 min., 56*C, 2 min. , and 37*C, 3 min.) 
amplification/restriction enzyme site addition (l|iM each 
oligonucleotide primers, 5 1 -AACGQTTTCCCTCGAGCGGGATCA-3 1 plus 
5 1 -TTTGTTAGCAGCCGGATCGT-3 ' in lOOfil volume containing 50mM KC1, 
lOraM Tris-HCl pH8.3, l,5mM MgCl 2 , 0.1% gelatin, 2000 each dNTP, 
and 2.5U Tag DNA polymerase) to yield a fragment With Xho I ends 
which was cloned into the Xho I site Bluescript II 
SK+(Stratagene, La Jolla CA) to yield pEMC-F. PCR (30 cycles: 
92°C, 2 min., 56°C, 2 min., and 37°C, 3 min.) was similarly used 
(IfiM each oligonucleotide primers 5 1 -TGCGAGACCATGGGACAGACGCCC-3 1 
plus 5 1 -CGGAAGTGTGATCACCTAGGCGAC-3 1 in lOOfJtl volume containing 
50mM KC1, lOmM Tris-HCl pH8.3, l.SraM MgCl 2 , 0.1% gelatin, 200nM 
each dNTP, and 2.5U Tag DNA polymerase) to produce a fragment 
containing the ADA gene using the SAX retroviral vector (20) (W. 
French Anderson, National Institutes of Health, Bethesda, MD) as 
a template. The ADA fragment was digested with Nco I plus Xba I 
and cloned into the corresponding sites in pEMC-F to produce 
pEMCADA. The EMC/ADA fragment was excised by Xba I 
digestion/Klenow fill-in plus Xho I digestion and ligate to Apa I 
cut/T4 DNA polymerase fill-in plus Xho I cut retroviral vector 
pGlNa, to produce pGlNaEA. The starting vectors for the triple 
gene cosntructs, LSCSN and LNSvCt were produced by inserting the 
soluble CD4 gene and CAT gene into the Eco RI plus Xho I (for 
CD4) or Hind III (for CAT) sites of LXSN and LNSC respectively 
(15) (A. Dusty Wilier, Fred Hutchinson Cancer Center, Seattle, 
WA). The EMCADA fragment was excised from pECADA by Xba I 
digestion/Klenow fill-in plus Xho I digestion and ligated to Bam 
HI cut/Klenow fill-in plus Xho I LSCSN to produce LSCEASN. To 
produce LNEASCt, pEMCADA digested with Xho I plus Xba I, filled 
in with Klenow and ligated to Bam HI cut/Klenow fill-in LNSvCt. 
The polio IRES vector was constructed by PCR 
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amplification/restriction site addition (IfiM each oligonucleotide 
primers S'-CCCAGATCTCCACGTGGCGGC-S 1 plus 

5 1 -ACCGGAAGGCCTATCCAATTC-3 1 in 100^1 volume containing 50mM KC1, 

lOmM Tris-HCl pH8.3, 1.5mM MgCl 2 , 0*1% gelatin, 200fiM each dNTP, 

and 2.5U Taq DNA polymerase) using pPV16 as a template (7), 

Bernard Moss, National Institues of Health, Bethesda, MD)» The 

PCR generated a fragment with Bgl II and Stu I ends which was 

ligated into Bam HI plus Stu I cut LNSvCt to yield LNPCt. The 

vector GINECt is similar to GlN2ECt but contains a slighlty 

different NEO gene. Vector GINaNECt was constructed by Nco I 

digestion/Klenow fill-in plus Xho I digestion of pTMl, followed 

by ligation in to Bam HI cut/Klenow fill-in plus Xho I cut pGlNa. 
H 

LCtSN and L CtSN were constructed by ligating a Hind HI II 
cut/Klenow fill-in CAT fragment into the Hpa I site of LXSN and 
L^SN respectively (the L^SN vector is the same as LXSN but with 
a substituted U3 region from Harvey murine sarcoma virus (Larry 
Couture, National Institutes of Health, Bethaesda, MD) . The 
preparation of vectors pGlN2, pGlNa, and pGlN2SvBg is disclosed 
in WO91/10728, M. Eglitis, it iL ' 

CELL CULTURE AND VECTOR PRODUCTION 
Retroviral vector producer cell lines were generated by the 
micro-ping-pong procedure (16,17). In brief, 50 ug of DNA was 
used to transfect (via calcium phosphate coprecipitation) a 
mixture of the ecotropic packaging cell line GP+E-86 (23) (Arthur 
Banks, Columbia University, New York, N*Y.), and the amphotropic 
packaging cell line PA317 (24) (A.D. Miller, Fred Hutchinson 
Cancer Center, Seattle, WA). The packaging cell line mixtures 
are maintained in culture for at least one week to permit vector 
amplification. Selection for vector integration is obtained by 
growth in the presence of the neomycin analog G418 (400 ug/ml 
active concentration). Recombinant retroviral vector 
preparations were prepared by harvesting cell culture medium from 
confluent 100mm tissue culture disheB following 24 hr incubation 
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in 10ml fresh culture medium (Dulbecco's modified Eagle's medium 
containing 10% fetal bovine serum). Cell free supernatants were 
collected by filtration through 0.22 urn filter units and stored 
at-70°C until use. Transduction of mouse NIH/3T3 cells was 
conducted by incubation with recombinant viral supernatant 
containing 8 ug/ml polybrene at 37°C for 2 hr, followed by 
removal of virus-containing medium and replacement with fresh 
culture medium. Transduced cell populations were selected by 
growth in G418 (400 ug/ml) for 10-14 days. Cell clones were 
obtained using cloning rings following limiting dilution. 
GENE EXPRESSION ASSAYS CAT enzyme assays were performed by first 
lysing cells (at 4°C) in 0.25M Tris-HCl(pH 7.5)/0.1% NP-40, 
followed by freezing on dry ice, thawing at 37°C (5 min), heating 
to 60°C (15 min) and removal of cellular debris by centrifugation 
(top sped, eppendorf microcentrifuge, 4°C, 5 min). After 
normalization for equal amounts of protein (Bio-Rad Protein 
Assay), cell extracts were mixed with acetyl-CoEnzyme A and 
14C-chloramphenicol and incubated at 37° C for 1-4 hours as 
necessary to stay within the linear range of CAT activity. 
Chloramphenicol and acetylated prducts were extracted with ethyl 
acetate and applied to thin layer chromatography plates* 
Ghromatographs were run in 95% CHCL 3 5% methanol. Imaging was 
obtained by autoradiography and quantitation by direct beta 
particle counting of the TLC plates on a Betascope 603 
instrument. In situ staining for B-galactosidase and assays were 
performed as described (1 unit of B-gal = the amount of enzyme 
that hydrolyzes 1 umole ONPG to O-nitrophenol/min at 30°C / 
pH=7.5) (18). Northern blot analysis was performed on 
formaldehyde agarose gels using RNA extracted with RNazol (CINNA 
Biotex, Friendswood, IX). ADA assays were performed on starch 
gels as described (19), Soluble CD4 levels were measured using a 
CD4/gpl20 capture ELISA (American Biotechnologies, Cambridge, 
HA). 
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Construction of EMC reporter gene vectors. To determine if 
the picornavirus IRES elements could function in a retroviral 
vector, we transferred two IRES - containing prokaryotic reporter 
genes from plasmids pdS6(CAT) and pOS8 (B-gal) into 
NEO-containing retroviral vectors. The two plasmids (pTMl-/CAT 
pTMl-Bgal) use the IRES from encephalomyocarditis (EMC) virus to 
increase the translation of mRNAs expressed from a bacteriaophage 
T7 RNA polymerase transcription unit (13,14). The two reporter 
gene vectors constructed, GlN2ECt and GlN2EBg, were then 
introduced into retroviral vector packaging cell lines along with 
control vector and plasmid DNAs. In the first experiment (Fig.l) 
we transfected the pTMl-CAT plasmid (lane 1), GlN2ECt (lane 2) or 
L H CtSN (lane 3) into a PA317/GP+E-86 coculture and expanded the 
cells in culture for two weeks to allow vector spread. Cell 
ly sates were prepared and equal amounts of protein used to assay 
for CAT activities as described (see methods). Figure 1 clearly 
shows significant CAT activity, from the GlN2ECt IRES vector in 
comparison to the activity driven by the very strong chimeric LTR 
in E^CSN. No activity is seen in the control cells and CAT 
expression is dependent on the presence of an IRES element (Fig. 
7). Quantitation of CAT activity, performed in the linear range, 
indicated that GlN2ECt containing cells produce 55% of the L H CtSN 
activity. To rule out the possibility that the EMC IRES was some 
how serving as a promoter element in the context of a retroviral 
vector, a construct with the EMC/CAT fusion in the reverse 
orientation was produced and tested. No CAT activity was 
observed from the reverse orientation EMC/CAT vector (data not 
shown) . 

Retroviral vector containing supernatant from the GlN2ECt 
and L CtSN producer cells was then used to transduce NIH/3T3 
cells. Following transduction, the cells were cultured for five 
days and then harvested for CAT assays. The CAT activity for 
GlN2ECt transduced 3T3 cells (lane 4) and for L H CtSN transduced 
3T3 cells (lane 5) is shown in Figure 1. The data indicate that 
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the GlN2ECt IRES vector can produce a functional retroviral 
vector particles that can productively transfer and express a 
IRES/reporter gene in an appropriate target cells . 

Next, we constructed a retroviral vector containing the EMC 
IRES linked to the fi-galactosida$e reporter gene. The GlN2EBg 
vector was transfected into a packaging cell line coculture with 
pTMl-BGal and GlN2SvBg serving as controls . Following a two week 
culture to permit vector spread, the producer cells were assayed 
for fl-galactosidase activity by an in situ enzyme activity assay. 
Figure 2 shows numerous blue staining cells in the GlN2EBg and 
the positive control GlN2SvBg cultures with no staining cells in 
the pTMl-Bgal negative control culture. 

Retroviral-vector-containing producer cell supernatant was then 
used to transduce NIH/3T3 cells. The cells were harvested 5 days 
post transduction the cells were harvested and assayed for B-gal 
activity. Functinal transfer to 3T3 cells of the B-galactosidase 
enzyme activity was detected by in situ staining (data not shown) 
and then quantitated by measuring fl-^gel enzyme activity in cell 
extracts; which was shown to be 1^2 x 10 4 U/mg for GlN2EBg and jK5 
x 10 4 U/mg for GlN2SvBg. 

Construction of an EMC human ADA vector. To evaluate the use of 
IRES elements in the construction of retroviral vectors for 
potential human gene therapy applications, a fusion between the 
EHC IRES and the human adenosine deaminase (ADA) gene was 
assembled and introduced into a retroviral vectors. A DNA 
fragment containing the EMC IRES was synthesized via polymerase 
chain reaction (PCR> amplification with the addition of 
convenient cloning sites, and used to generate a plasmid (pEMC-F) 
which contains the EMC IRES without flanking T7 RNA polymerase 
transcription signals. The human ADA gene was then synthesized, 
again using FCR, and cloned into the EMC plasmid to generate 
pEMCADA. The EMC/ADA fusion was excised from pEMCADA and 
inserted into the retroviral vector GINa yielding GINaEA (Fig.3). 
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DNA for the GINaEA vector and the control ADA vector SAX 

(20), were then used to generate retroviral producer cell lines. 

Producer cell cocultures were grown for 1 week in standard 

culture medium and then selected for stable vector integration by 

culture for 2 weeks in the presence of the neomycin analog G418. 
R 

The selected (G418 ) producer cell populations were then used to 
generate vector containing supernatant for titer determinations, 
and subjected to gene expression analysis. 

Figure 3, panel A shows the results of ADA starch gel 
analysis on the GINaEA producer cells (lane 2) and SAX control 
producer cells (lane 1), both producer cell populations make 
large amounts of human ADA* Northern blot analysis (Fig»3, panel 
B), was then used to visualize the RNA transcripts from the two 
vectors. For SAX, a full length LTR transcript as well as the 
internal SV40 transcript are seen with the ADA probe while only 
the full length transcript is observed with the neo probe (lanes 
1 and 3). In the case of GINaEA, only one full length transcript 
is identified by Northern blot analysis with either the ADA or 
NEO probe (lanes 2 and 4). 

Retroviral vector-containing supernatant from the producer 

cell populations were then used to transduce NIH/3T3 cells as 

well as determine the vector titer on 3T3 cells. Both producer 

cell populations yielded good titer vector supernatants with SAX 

being 1.9 x 10 6 G418 R cfu/ral and GINaEA being 1.2 x 10 6 G418 R 
R 

cfu/ml. The G418 3T3 cells were next assayed for ADA activity. 
ADA starch gel analysis demonstrated functional transfer of the 
human ADA gene into the 3T3 cells by the GINaEA IRES vector 
(Fig. 3, panel A, lane 5). In this experiment, the 3T3 cells 
transduced with control SAX vector produced only slightly less 
human ADA than the IRES vector (Fig. 3, panel, lane 4). 

Construction of triple gene vectors. To test the 
versatility of IRES elements in the construction of complex 
retroviral vectors, we inserted the EMC/ADA fusion gene into two 
independent double gene vectors to generate three gene vectors. 
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The first receipient vector LSCSN uses the LTR to promote the 
expression of the anti-HIV agent soluble CD4 (sCD4) (21) and an 
internal SV40 early region promoter to drive the NEO selectable 
marker gene (21)- The EMC/ADA fragment was introduced after the 
sCD4 translation stop codon and 5* to the start of the SV40 
promoter to generate LSCEASN (Fig. 4). LSCEASN DMA was 
transfected into a packaging cell line coculture which was grown 
for one week before being passaged, at limiting dilution, into 
G418-containing medium. Twelve G418 R producer cell clones 
synthesize both the human ADA enzyme and produce the sCD4 protein 
(Fig. 4). 

The second two-gene retroviral vector used as recipient for 
the EMC/ADA fragment was LNSCt, a vector which uses the LTR to 
drive NEO expression and has an internal SV40 promoter directing 
CAT expression. EMC/ADA was inserted 3' to the NEO gene stop 
codon and upstream of the SV40 promoter to generate LNEASCt 
(Fig.5). LNEASCt DMA was transfected into packaging cells 
cultured for one week, and then G418 R producer cell clones were 
isolated by limiting dilution. Twelve producer cell clones were 
expanded and used to isolate vector containing supernatant to 
determine G418 R titer, and analyzed for both CAT and ADA gene 
expression. Figure 5 shows that all twelve producer cell clones 
had both CAT (panel A) and human ADA (panel B) enzyme activity. 
The titer from the twelve clones ranged from 4 x 10 G418 cfu/ml 
for clone 10 to 4 x 10 6 G418 R cfu/ml for clone 4. 

Retroviral vector-containing supernatant from each of the 
twelve LNEASCt producer cell clones was then used to transduce 
NIH/3T3 cells. Twelve G418 R 3T3 cell cultures were expanded and 
assayed for CAT and human ADA enzyme activity. CAT activity was 
documented in 12 of 12 3T3 cell cultures (Fig.6, panel A) and 
human ADA activity observed in 9 out of 9 tested cultures (Fig. 
6, panel B). In this particular series of transections, both 
CAT and human ADA enzyme activities were noticeably lower in 3T3 
cells than in producer cells (Fig.5). Analysis of CAT activity 
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in 3T3 cells generated using the parent two gene vector LNSCt 
showed similar CAT activity, suggesting that the particular 
SV40/CAT internal gene in this vector is not very active (data 
not shown) , 

Construction of a Polio IRES vector. In the next series of 
experiments, we isolated the IRES from poliovirus and used it to 
construct a retroviral vector. PCR was used to generate a 
fragment contain the 600 bp IRES element from the 5' untranslated 
region of poliovirus (Mahoney strain). The polio IRES was then 
inserted 3' to the NEO stop codon and upstream of a CAT reporter 
gene to generate LNPCt. This vector along with a similar EMC 
IRES construct (GINECt), a LTR driven CAT positive control vector 
(LCSN), and vector containing CAT but no IRES sequences 
(GINaNECt) were transfected into packaging cell cocultures. The 
cultures were grown for one week in standard medium and then 
selected for vector containing cells by growth for two weeks in 
G418 containing culture medium- Completely selected cultures 
were then harvested and assayed for CAT enzyme activity (Fig. 7). 
The data from Figure 7 indicate that the polio IRES functions as 
well as (if not slightly better than) the EMC IRES. Both IRES 
vectors compared favorably with the CAT activity driven by the 
strong LTR promoter (LNPCt 70% and GINECt ,50% of LCtSN). A small 
amount of CAT activity is seen in the construct without an IRES 
element (GINaENCt). This limited activity may be due to 
initiation at internal AUG codons, as has been previously 
reported in retroviral vectors (22) and the mechanism of this 
leaky expression is under investigation. 

While the present invention has been described in 
conjunction with specific embodiments thereof, it is evident that 
many alternatives, modifications and variations will be apparent 
to those skilled in the art in view of the foregoing description. 
Accordingly, the invention is intended to embrace all such 
alternatives/ modifications and variations in following within 
the broadest scope and spirit of the following claims. 
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Numerous modifications and variations of the present 
invention are possible in light of the above teachings, and are 
therefore, within the scope of the Appended Claims, the invention 
may be practiced otherwise than as particularly described. 
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We claim: 

1. A retroviral vector comprising: 

a first DNA sequence encoding a first protein to be 
expressed, 

a second DMA sequence encoding a second protein to be 
expressed, 

a first promoter sequence for expressing mRNA from both 
the first and second DNA sequences and an internal 
ribosome entry site between said first and second DNA 
sequences, said promoter sequence, the first DNA 
sequence, the internal ribosome entry site and the 
second DNA sequence being operably linked in said 
retroviral vector to produce polycistrohic mRNA and 
expression of first and second independent proteins 
from said mRNA expressed by said promtoer. 

2. A retroviral vector as in Claim 1 wherein said promoter is 
comprised of LTR sequences from a retroviral genome. 

3. A retroviral vector as in Claim 1 wherein said internal 
ribosome entry site is from a picornavirus. 

4. A retroviral vector as in Claim 3, wherein said picornavirus 
internal ribosome entry site is from encephalorayocarditis virus. 

5. A retroviral vector as in Claim 4, wherein said 
encephalomyocarditis virus internal ribosome entry site has 
nucleotide nos. 163 to 746. 

6. A retroviral vector as in Claim 3, wherein said picornavirus 
internal ribosome entry site is from poliovirus. 

7. A retroviral vector as in Claim 6, wherein said poliovirus 
internal ribosome entry site has nucleotide nos. 28 to 640. 

8. An animal cell genetically engineered using the retroviral 
vector of Claim 1. 

9. A human cell genetically engineered using the retroviral 
vector of Claim 1. 



WO 93/03143 



-22 



PCT/US92/06372 



10. A process for constructing a retroviral vector capable of 
producing polycistronic mRNA and expressing two independent 
proteins, comprising: 

operably linking a first DNA sequence encoding a first 
protein to be expressed, a second DNA sequence encoding 
a second protein to be expressed, a first promoter 
sequence for expressing mRNA from both the first and 
second DNA sequences and an internal ribosome entry 
site between said first and second DNA sequences. 

11. A process as in Claim 10, wherein said promoter is comprised 
of LTR sequences from a retroviral genome. 

12. A process as in Claim 10, wherein said internal ribosome 
entry site is from a picornavirus. 

13- A process as in Claim 12, wherein said picornavirus internal 
ribosome entry site is from encephalomyocarditis. 

14. A process as in Claim 13, wherein said encephalonyocarditis 
internal ribosome entry site has nucleotide nos. 163-746. 

15. A process as in Claim 12, wherein said picornavirus internal 
ribosome entry site is from poliovirus. 

16. A process as in Claim 15, wherein said poliovirus internal 
ribosome entry site has nucleotide nos. 28-640. 

17. An animal cell genetically engineered using the retroviral 
vector produced from the process of Claim 10. 

18. An human cell genetically engineered using the retroviral 
vector produced from the process of Claim 10. 
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